treatment plans with the goal of increasing patient survival and to increase quality of life.
Regardless of the specific design or type of access device, routine maintenance care and the management of potential complications vary from institution to institution. Very few randomized, controlled trials have been conducted to definitively support nursing practice in maintenance care provided to VADs. Often, practice is dictated by the manufacturer recommendations, government regulations, or institution based. This article explores the strategies for identifying complex complications, troubleshooting techniques, and evaluating the evidence available to managing complex complications in long-term vascular access devices.
Long-term Venous Access Devices
Long-term VADs include peripherally inser ted catheters (peripherally inserted central catheters), implantable ports, and tunnel catheters. These VADs are biocompatible, flexible and made of silicone material. Catheter distal tips are opened or closed with placement above or in the lower third of the superior vena cava at the cavoatrial junction. [1] [2] [3] Closed distal tips are rounded with an internal three-way pressure sensitive valve opening inwardly with aspiration and outwardly with flushing or infusion. All long-term VADs are available in single or double lumens. Tunnel catheters are available in triple-lumen design. [4, 5] Long-term VADs are indicated for all types of intravenous (IV) therapies and to obtain blood specimens. These devices can be used in all care settings for months to years if functioning adequately. Maintenance care varies among institutions with the lack of standardization and evidence-based practice.
Catheter Malposition
Catheter malposition may be primary, occurring at the time of insertion, or secondary, when a catheter tip spontaneously migrates to another venous location after placement. [6] Malposition during insertion is typically recognized and corrected at the time of insertion.
Secondary migration has occurred at intervals ranging from days to months with the most common migrating site into the ipsilateral jugular vein. Other migrating areas can include brachiocephalic, subclavian, azygous, and axillary veins. [1] Secondary migration can occur from vigorous use of the upper extremity, forceful flushing, or changes in intrathoracic pressure associated with coughing or emesis.
Catheter separation can occur with implantable ports where the catheter separates from the portal body. Separation can occur when the locking device is inadequately secured during placement or from forceful flushing. [6] The catheter fragment can remain within the vein, embolize to the heart or lung, or retract into the tissue surrounding the portal body.
Pinch-off syndrome is defined as the mechanical compression of a catheter as it passes between the clavicle and first rib at the costoclavicular space. [7] During placement, the catheter travels through the costoclavicular space next to the subclavian vein instead of inside the vein. Subsequently, the catheter is vulnerable to compression with shoulder movements. [8] With continuous compression, gradual trauma to the catheter occurs resulting in a complete or partial breakage of the catheter. With complete breakage, the catheter migrates usually to the right ventricle or pulmonary artery.
Portal bodies can flip within the port pocket either partially or completely inverted. When portal bodies are not adequately sutured in the fascia during insertion, this will increase the risk of rotation. Shoulder movement, loss of excessive weight, large amount of breast tissue, or manipulation of the port ("Twiddler's syndrome") can also cause the port to rotate. [9] Signs and symptoms of malposition include sluggish or no blood return, edema at the exit site, inability to infuse or withdraw blood. Patients may complain of a tingling sensation, gurgling sounds, arm or shoulder pain, vague back discomfort, palpitations, or chest pain. [4] Malposition can be diagnosed with imaging studies such as chest X-ray, cathetergram, or ultrasound. [2] Correction of malposition or migration after placement depends on the cause. Catheters may be reposition under fluoroscopic or ultrasound guidance. If unable to be reposition, the device must be removed. If breakage or damage occurs, the device must be removed and fragments retrieved, using percutaneous technique. [2, 6] 
Venous Access Device Infection
Infection is a common complication of VADs classified as systemic or local. Systemic infections can be life-threatening; therefore, nurses must be able to assess for signs and symptoms for interventions to be implemented in a timely manner. Symptoms of a systemic infection include fever, chills, diaphoresis, hypotension, or mental status changes. [4] Local infections occur at the insertion site, exit site, tunnel, or port pocket. Symptoms of local infection include edema, tenderness, erythema, or drainage. [10] Numerous risk factors have been cited to increase a patient's risk of VAD infection including prolonged neutropenia, older age, prolonged intensive care unit stay, increased VAD dwell time, low absolute neutrophil count (ANC), poor nutritional status, or device erosion. [6, 10, 11] The etiology of VAD-related infections has been attributed to several different sources with the most common source at the exit site. [12] Bacteria enter the body at the exit site and migrate along the external surface of the catheter resulting in colonization of the distal tip. The catheter hub is another potential source of bacteria entrance during common manipulations such as blood draws or during flushing. [11] Hematogenous seeding can occur where an infection at a distant site such at urinary tract seeds the device through the bloodstream, resulting in a VAD infection. Infectious complications have been associated with contaminated infusate. Parenteral nutrition and lipids provide the ideal growth environment for many types of organisms, and if contaminated products are infused, infection can result. Infections can occur when a fibrin sheath is present at the distal tip where organisms can adhere and reproduce. [10] The most common organisms to cause VAD-related infections are Staphylococcus and Candida. Other infectious organisms can include Corynebacterium species, Klebsiella, and Enterobacter species. Several strategies have been attempted to prevent infections; however, to date, evidence is limited in definitive recommendations. [4] Central line bundles were created to decrease infections during VAD insertion. These strategies include frequent hand washing before and after care, using maximal sterile barrier precautions upon insertion, using chlorhexidine skin antisepsis, selecting optimal catheter site, cleaning catheter hub before access, reviewing the necessity of the VAD daily, and removing the device if not needed. [13] [14] [15] [16] [17] Many institutions have incorporated sterile technique (sterile mask, gown, or gloves) for maintenance care. To date, there is no research to stipulate what is the best mechanism (sterile versus nonsterile) to care for VADs. [4, 18] Dressings are used to protect the exit site; however, no statistical difference has been found when gauze dressings are compared to transparent dressings for decreasing the overall infection rates. Research does lend to using chlorhexidine-impregnated dressings in decreasing infection rates. [19] Evidence does support using consistent maintenance procedures with aseptic technique. Routine surveillance is important to monitor infection rates and to make changes in maintenance care as needed. Patient and caregiver education is vital to ensure consistent care is being given. [4, 20] Blood cultures are used to diagnosis VAD-related infection obtained from a peripheral site and the VAD. No definitive recommendation can be made on how to obtain blood cultures, the frequency to obtain cultures, discard volumes, or the use of discard blood for a sample. [5, 20, 21] Blood cultures should be drawn before beginning antibiotic therapy and at least every 24 h with a temperature spike. If the infusate is suspected, cultures should be taken. A culture of the catheter tip can be performed if the VAD must be removed. [10, 22, 23] If there is a higher percentage of organisms in the device culture versus the peripheral culture, a catheter-related infection is confirmed.
Treatment for systemic infection includes administering IV antibiotics sensitive to the organism isolated. If the VAD is multi-lumen, the antibiotic should be rotated per lumen with subsequent administrations. No definitive recommendation can be made for prophylactic antibiotic lock therapy. However, if the patient is immunocompromised or has a low ANC, antibiotic lock therapy should be instituted. [5, 20] The antibiotic lock method, volume, and dwell-time remain controversial.
Local infections are treated with oral or IV antibiotics. The area is cleaned daily with chlorhexidine, and sterile gauze and tape dressing are applied. Warm compresses can be used at the site for comfort. Tunnel and port infections can be treated by packing the subcutaneous tissue with antibiotic gauze in conjunction with IV antibiotics. Usually, tunnel and port infections warrant device removal. However, not all VADs must be removed unless the patient has a persistent or recurrent infection, persistent symptoms after antibiotics are given, or if the organism is a fungus, Gram-negative bacilli, or yeast. [10, 23, 24] 
Occlusion
The etiology of occlusions in VADs can be attributed to either mechanical or intraluminal causes; further, they are classified as being either partial or complete. Mechanical causes of occlusions may include migration of the catheter, rotation of the port, kinks or catheter fractures, or pinch-off syndrome. [6] Incomplete occlusions are characterized by the ability to flush solution through the catheter lumen with resistance felt upon attempt to withdraw fluid or blood.
The most common etiology associated with occlusion is the presence of blood or fibrin build-up in the intraluminal space of the catheter. In addition, a well-defined high-risk profile is described in Table 1 . [5, 6, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Fibrin sheath formation is the most common cause of partial occlusion of VADs. [25] Intraluminal fibrin formation forms when blood cells become enmeshed within a fibrin matrix, creating a lace-like mesh that traps additional blood cells, producing a fibrin sheath which can extend beyond the distal tip of the catheter and into the vessel itself. The sheath adheres to the catheter's intraluminal surfaces, acting as a one-way value by allowing fluid to flush easily into the catheter, but creating a suction-like occlusion when attempts to withdraw fluid or blood occur. A mural thrombus consists of clot formation inside the vessel wall and is often associated with complete obstruction. Catheter-related deep vein thrombosis (DVT) is most commonly seen in the subclavian, axillary, brachial, or brachiocephalic veins. [25, 35] Registered nurse participants in an educational workshop about complications associated with VADs self-report occlusions to be a common complication observed in their practice, and one for which response relies heavily on historical practices and policies, rather than on the most recent evidence. [36] However, data support rigorous attention to preventive strategies as key for reduction in occlusion rates. Early recognition of those at increased risk should be considered when managing patients with VADs. Ultrasound-guided insertion techniques decrease malposition risks and should be used whenever available. [1, 5, 26] Unfortunately, data recommending the most efficacious maintenance procedures to prevent occlusions remain inconclusive. Data suggest no difference in the rate of occlusion when using heparin versus normal saline flush maintenance procedures, [37] yet others report higher incidence of complications when using saline flush only. [38] The use of tissue plasminogen activator (t-PA) as a lock or infusion maintenance to prevent occlusions cannot be supported by evidence. Most studies evaluating its use as continuous infusion are in the hemodialysis population, and in arteriovenous fistulas; in this population, t-PA push protocols versus dwells of various times offered no statistical significance in the prevention of occlusions. [39, 40] Likewise, there is no definitive evidence to support the use of heparin-bonded catheters as prophylaxis to prevent catheter-related thrombus formation. However, the evidence does support that low-molecular-weight heparin (LMWH) or low-dose warfarin should not be used to prevent thrombus in VADs in patients with cancer. [5, 27, [41] [42] [43] [44] Depending on whether partial or complete and its location, the signs and symptoms of occlusion vary. Inconsistent or positional ability to flush or withdraw fluid from any VAD should warrant further evaluation. Mural thrombi may cause pain or edema in upper extremities or the neck; DVT signs may include warmth, edema, and palpable cord of the upper extremity. [45] Diagnosis is based on history, identified risk profile, and presenting symptoms. A chest X-ray may be of benefit to rule out mechanical problems; however, a cathetergram (dye study) will demonstrate the degree of patency present within the catheter, as well as the presence of a fibrin sheath. Ultrasound evaluation maintains a high degree of specificity and sensitivity for identification of fibrin-related occlusions. [45] Treatment is finding specific. If intraluminal fibrin sheath is confirmed, numerous studies support the efficacy of 2 mg t-PA as effective management; however, no recommendations can be made based on evidence regarding optimal dwell times or numbers of repeat doses. Based on available data, and until clinical research supports specificity in these parameters, manufacturer dosages and dwell times should be followed. [5, 46, 47] Mechanical thrombolysis may be achieved in some cases under fluoroscopic guidance by use of a hair wire, followed by aspiration of fibrin pieces. [47] A VAD-related upper extremity DVT warrants removal of the device if it is dysfunctional, if infection is suspected in the clot, if nonresponsive to fibrinolytic treatment, and if symptoms continue. Systemic coagulation with LMWH alone or followed by warfarin until VAD is removed (and continued for the subsequent 3 months after removal) is the standard of care. [5, [46] [47] [48] Ongoing controversy persists regarding whether or not to use a VAD when a blood return is not present. Although there can be no definitive recommendation made based on evidence, strong expert opinion consensus recommends that specific analysis is performed before any use under these circumstances. Placement verification through the use of imaging studies should ensure prior to use; although no one "best" imaging study can be recommended, chest X-ray can detect migration, kinks, pinch-off syndrome, and some tip location concerns; computed tomography -scan is sensitive to detection of fracture, and malposition; ultrasound imaging is superior for tip placement evaluation and identification of clots; and cathetergram/dye study detects overall intactness, detection of backflow, and other obstructions. [49] [50] [51] [52] Nursing interventions specific to evaluation of a catheter that lacks blood return are outlined in Table 2 .
[4, [50] [51] [52] Controversy persists regarding the most effective flushing protocol for VADs. Due to inconsistent variables and low numbers of study participants, comparisons of efficacy between heparin solutions of various concentrations versus saline-only flushes are inconclusive. [37, 38, [53] [54] [55] Based on the available data, evidence-based standard of care consists of flushing all VADs with 0.9% normal saline after blood sampling and following medication administration; pulsatile flushing techniques are recommended. No definitive recommendation can be made regarding heparin solutions versus saline solution use, the most effect flush volume, or frequency.
Documentation and Legal Issues
Concurrent concerns related to access device management include the challenges of meaningful documentation practices that both support patient safety and protect nurses from litigation. As complex care providers, oncology nurses perform independent assessments and act on these findings, perform invasive procedures, infuse high-risk therapies, and perform low-volume yet high-risk interventions frequently. While bound to the scope of practice and standards specific to their role, licensure, state laws of nursing practice, and institutional policies, the legal metric by which nurses are evaluated include measure against what a similarly educated and experienced nurse might do in the same situation. [56] Without effective communication of care delivered through documentation, nurses are at risk of being evaluated based on the part of ineffective documentation practices.
Professional negligence includes the concepts of duty to perform that is something was expected from the nurse to be done for the patient, breach of duty, or departure from the standard of care, causation that is the breach of duty caused an injury and damage, meaning damage to the patient is sustained. [57] Failure to apply the standard of care can be interpreted as what a reasonably prudent nurse, in the same or similar position, would have done, which may include acts of commission or omission, or acts outside of scope of practice. As it relates to VADs, common acts of negligence are noted in Table 3 . [4, 50, 58, 59] Patient documentation, or lack thereof, may be the only evidence available if litigation should occur. Although the advent of the electronic medical record (EMR) has improved legibility of patient records, EMR checkboxes can encourage "over-checking" or documentation either too late (or too early); further, they may provide limited or no space for specialty documentation, such as verification of informed consent, cumulative dosing, use of topical anesthesia, or risk evaluation for extravasation. Nurses must advocate for EMR system configurations that assure that specialty documentation needs are met fully, both for the safety of patients and of professionals. Critical documentation for the oncology patient with a VAD includes such standards of care as evidenced that a risk evaluation was performed, that the infusion was stopped at first complaint of discomfort, and that protocols for extravasation or hypersensitivity reactions are followed meticulously.
The most effective strategies to mitigate personal risk of litigation related to VAD management are to adhere to standards of care and to practice within an identified scope of practice. [50] Knowledge of and adherence to policies and procedures, standards, guidelines, practice acts, and job descriptions demonstrate that practice can be compared to what a reasonably prudent nurse would do in similar circumstances. Provision of comprehensive care, including thorough assessment that begins with device selection, risk evaluation, and adherence to insertion, access, maintenance, and troubleshooting procedures, protects both patient and professional. Finally, assuring that documentation includes all aspects of the comprehensive care given, including education provided and evaluation of learning, supports the high standard of care being delivered. Finally, identification of personal and professional learning needs, attainment of certification or competency specific to oncology access device care, and awareness of personal risky behaviors or short-cuts demonstrates ongoing commitment to personal competency.
Conclusion
Over the last four decades, VADs have become a standard component of caring for patients with cancer in all settings. Despite the common use of VADs, the current standardized procedures for maintenance care and managing complications is limited. The key to establishing evidence to support practice lies in the further development of nurse, scientist, and clinician collaborations to implement multisite research. It is only through evidence-based findings that traditional practice will be challenged and practice controversies will be resolved.
